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Abstract
6LQFHLWLVDQXUJHQWLVVXHWRUHGXFHWKHJOREDO&DUERQGLR[LGHLQWKHZRUOGUHQHZDEOHHQHUJ\VKRXOGEHVXSSOLHGDVDODUJHDPRXQW
RIWKHHOHFWULFSRZHU+RZHYHULIDODUJHDPRXQWRIIOXFWXDWLQJUHQHZDEOHHQHUJ\EHFRPHVPRUHWKDQDGMXVWDEOHDPRXQWRIDXWLOLW\
JULGFDSDFLW\LQVWDELOLWLHVVXFKDVIUHTXHQF\GHYLDWLRQPLJKWRFFXU:HSURSRVHDV\VWHPWKDWLVFRPSRVHGRI60(6DQG)&+
(OHFWURO\]HUDQGDOVRLQVWDOOHGDGMDFHQWWR/LTXLG+\GURJHQVWDWLRQWRFRROGRZQWKH60(66LQFHWKH60(6KDVSRWHQWLDOVRITXLFN
UHVSRQVHDQG ODUJH ,2SRZHUDQG)XHO&HOOKDVSRWHQWLDOVRI VORZUHVSRQVHDQGVWHDG\SRZHU VXSSOLHG IURPD ODUJHDPRXQWRI
K\GURJHQZHFRPELQHERWKVWRUDJHGHYLFHVDQGDSSO\WKHPWRVXSSUHVVWKHIOXFWXDWLQJSRZHU:HFRQYHUWWKHIOXFWXDWLQJSRZHUWR
WKHFRQVWDQWSRZHUE\XVLQJDGHYHORSHGSUHGLFWLRQWHFKQRORJ\RI.DOPDQILOWHUWRSUHGLFWDWUHQGRIWKHIOXFWXDWLQJSRZHU:KLOH
WKHWUHQGSRZHUVKRXOGEHVXSSOLHGE\)&RUDEVRUEHGE\WKHHOHFWURO\]HUWRSURGXFHK\GURJHQWKHSRZHUGLIIHUHQFHEHWZHHQWKH
UHQHZDEOHSRZHU DQG WKH WUHQGSRZHU VKRXOGEH VWRUHGE\ WKH60(6:H VLPXODWH WKHSRZHUEDODQFH DQG DQDO\]H WKH UHTXLUHG
60(6 FDSDFLW\ GHVLJQ WKH FRQFHSW RI WKH 60(6 DQG SURSRVH DQ RSHUDWLRQ DOJRULWKP IRU WKH 60(6 WR HVWLPDWH WKH HOHFWULF
HIILFLHQF\RI WKH V\VWHP ,W LV IRXQG WKDW WKHHOHFWULFHIILFLHQF\RI WKH$63&6FDQEHFRPHJUHDWHU WKDQ WKDWRIDSXPSHGK\GUR
PDFKLQH

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,663URJUDP&RPPLWWHH

Keywords: UHQHZDEOHHQHUJ\ZLQGWXUELQSKRWRYROWDLF60(6OLTXLGK\GURJHQVWDWLRQIXHOFHOOHOHFWULO\]HU.DODPDQILOWHU
1. Introduction
5HFHQWO\LWLVDQXUJHQWLVVXHWRUHGXFHWKHJOREDO&DUERQGLR[LGHLQWKHZRUOGDQGKHQFHUHQHZDEOHHQHUJ\VKRXOG
EH VXSSOLHG DV D ODUJH DPRXQW RI WKH HOHFWULF SRZHU+RZHYHU LI WKH IOXFWXDWLQJ UHQHZDEOH HQHUJ\ FDQ EH GLUHFWO\
FRQQHFWHGWRDXWLOLW\JULGDQGEHFRPHVPRUHWKDQDGMXVWDEOHDPRXQWRIWKHJULGFDSDFLW\IUHTXHQF\FDQGHYLDWHIURP
WKHVWDQGDUGRQHDQGWKHUHE\WKHJULGFRQQHFWHGUHQHZDEOHHQHUJ\VRXUFHVDUHUHVWULFWHG6LQFHWKHUHQHZDEOHHQHUJ\LV
FKDQJHGVWRFKDVWLFDOO\DQGUDSLGO\VWRUDJHV\VWHPVKRXOGEHQHHGHGWRFRQYHUWLWWRDFRQWUROOHGRXWSXWSRZHU6LQFHD
VXSHUFRQGXFWLQJPDJQHWLFHQHUJ\ VWRUDJH 60(6KDVKLJKSRWHQWLDOVRITXLFN UHVSRQVHDQG ODUJH LQSXWDQGRXWSXW
SRZHUDQGK\GURJHQKDVSRWHQWLDOVRIODUJHVWRUDJHDQGVORZUHVSRQVHERWKVWRUDJHV\VWHPVFRPSHQVDWHHDFKRWKHU

&RUUHVSRQGLQJDXWKRU7HO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DQGKHQFHVKRXOGEHFRPELQHG>@
:HSURSRVHDFRPELQHGK\EULGVWRUDJHV\VWHPZKLFKLVFRPSRVHGRI60(6DQG)XHOFHOO+(OHFWURO\]HU)&
+(/GHYLFHVDQGLQVWDOOHGDGMDFHQWWRDOLTXLGK\GURJHQ/+VWDWLRQIRUYHKLFOH>@:HDSSO\WKHK\EULGV\VWHP
WRWKHIOXFWXDWLQJSRZHURIUHQHZDEOHHQHUJ\VXFKDVZLQGWXUELQH:7DQGSKRWRYROWDLF39DQGWKHQFRQYHUWWKH
IOXFWXDWLQJ SRZHU WR WKH FRQVWDQW SRZHU E\ XVLQJ ERWK TXLFN UHVSRQVH RI 60(6 DQG VORZ UHVSRQVH RI )&+(/
)RUWXQDWHO\LWLVSRVVLEOHWRIRUHFDVWDYHUDJHWUHQGRIWKHUHQHZDEOHSRZHUE\XVLQJD.DOPDQILOWHUWRSUHGLFWWKHWUHQG
RI WKH IOXFWXDWLQJ SRZHU >@:KLOH WKH WUHQG SRZHU VKRXOG EH VXSSOLHG E\ WKH )& RU DEVRUEHG E\ WKH (/ WKH
GLIIHUHQFH SRZHU EHWZHHQ WKH IOXFWXDWLQJ DQG WKH WUHQG RQHV VKRXOG EH VXSSOLHG RU DEVRUEHG E\ WKH 60(6 :H
VLPXODWHWKHSRZHUEDODQFHSURGXFHFRQVWDQWSRZHUIURPWKHIOXFWXDWLQJUHQHZDEOHSRZHUWKURXJKWKHK\EULGVWRUDJH
V\VWHPDQGSURSRVHDQRSHUDWLRQDOJRULWKPIRUWKH60(6WRHVWLPDWHDQHOHFWULFHIILFLHQF\RIWKHV\VWHP
2. Concept of ASPCS
:H SURSRVH DQ $GYDQFHG
6XSHUFRQGXFWLQJ3RZHU&RQGLWLRQLQJ
6\VWHP $63&6 DV VKRZQ LQ)LJ
ZKLFK LV FRPSRVHG RI  0: FODVV
5HQHZDEOH HQHUJ\ UHVRXUFHV VXFK DV
:7 DQG 39  0: FODVV K\EULG
VWRUDJH V\VWHP D FRPPHUFLDO XWLOLW\
JULGDQGD/+VWDWLRQIRUYHKLFOH>@
7KH UHQHZDEOH HQHUJ\ UHVRXUFHV
SURGXFH IOXFWXDWLQJSRZHU WREXVEDU
WKDWLVHOHFWULFDOO\FRQQHFWHGZLWKWKH
JULG DQG DOVRZLWK WKHK\EULG V\VWHP
WKURXJK$&'&RU'&'&FRQYHUWHUV
,Q WKHK\EULG V\VWHP WKH)& WKH(/
DQG WKH 60(6 DUH FRQQHFWHG ZLWK D
EXV LQ SDUDOOHO DQG WKH (/ SURGXFHV
K\GURJHQ WKURXJK H[FHVVLYH SRZHU
DQG WKH )& SURGXFHV WKH HOHFWULF
SRZHU IRU VKRUWDJH WKURXJK WKH
K\GURJHQ 7KH 60(6 GLUHFWO\
VXSSOLHV RU DEVRUEV WKH GLIIHUHQFH SRZHU EHWZHHQ WKH SUHGLFWHG WUHQG SRZHU DQG UHQHZDEOH IOXFWXDWLQJ SRZHU7KH
60(6ZRXQGZLWKWKH0J%VXSHUFRQGXFWRULVLQGLUHFWO\FRROHGE\/+LQWKHVWDWLRQWURXJKDWKHUPRVLSKRQFRROLQJ
V\VWHPEHFDXVHWKHFULWLFDOWHPSHUDWXUHRI0J%LV.>@
3. Power Balance
7KHUHQHZDEOHSRZHULVUHVROYHGLQWRWKUHHFRPSRQHQWVVXFKDVWKHGLUHFWO\WUDQVIHUUHGRXWSXWSRZHUWRWKHXWLOLW\
JULGWKH60(6LQSXWRURXWSXWSRZHUDQGWKHDEVRUEHGSRZHUE\WKH(/RUWKHVXSSOLHGSRZHUE\WKH)&6LQFHWKH
UHVSRQVHVRIWKH(/DQGWKH)&DUHQRWVRTXLFNZHQHHGDWUHQGSUHGLFWLRQWRFRQWUROWKHSRZHURIVORZUHVSRQVH
7KHWUHQGPRGHOLVHIIHFWLYHPHWKRGWRHVWLPDWHWKHWUHQGRIWKHWLPHVHULHVRIWKHVWRFKDVWLFGDWDVXFKDV:7DQG39
E\XVLQJVSDFHVWDWHPRGHODQG.DOPDQILOWHU>@
7KHSRZHUEDODQFHRIWKH60(6,2SRZHUPSMLVJLYHQDVWKHSRZHUGLIIHUHQFHEHWZHHQWKHZLQGSRZHUPwindDQG
WKHSUHGLFWHGWUHQGSRZHUPpredDVIROORZV

predwindSM PPP  

:KHQ WKH PSM LV SRVLWLYH WKH H[FHVVLYH SRZHU LV DEVRUEHG LQWR WKH 60(6 DQG YLFH YHUVD 7KH SRZHU GLIIHUHQFH
EHWZHHQWKHRXWSXWSRZHUPoutDQGWKHSUHGLFWHGWUHQGSRZHULVDEVRUEHGLQWRWKH(/WRSURGXFHK\GURJHQRUVXSSOLHG
IURPWKH)&WKURXJKK\GURJHQGHSHQGLQJRQSRVLWLYHRUQHJDWLYHUHVSHFWLYHO\

outpredFCpredoutEL PPPPPP    

)LJ&RQFHSWRI$GYDQFHG6XSHUFRQGXFWLQJ3RZHU&RQGLWLRQLQJ6\VWHP$63&6
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7KHW\SLFDOZLQGSRZHUZDYHIRUPGXULQJKRXUVLV
VKRZQ XSZDUG LQ )LJ  DQG WKH ZDYHIRUPV RI WKH
RXWSXWSRZHUWKHWUHQGSUHGLFWLRQWKH60(6DQGWKH
(/ RU )& IURP  WR  VHF DUH VKRZQ
GRZQZDUG LQ )LJ  ,W LV VKRZQ WKDW WKH WUHQG
SUHGLFWLRQ LV D OLWWOH ELW GHOD\HG IURP WKH ZLQG 7KH
60(6LQSXWRURXWSXWHQHUJ\ZKLFKLVREWDLQHGIURP
WKH SRZHU LQWHJUDWHG IURP D ]HURFURVV WLPH WR WKH
QH[W ]HURFURVV RQH  LV IUHTXHQWO\ FKDUJHG DQG GLV
FKDUJHGDQGILQDOO\WKHUHVLGXDOVWRUHGHQHUJ\GXULQJ
KRXUVLVVPDOODPRXQWEHFDXVHWKHWUHQGSUHGLFWLRQ
LQGLFDWHV WKH DYHUDJH RI WKH IOXFWXDWLQJ SDUWV RI WKH
ZLQG 7KH HQHUJ\ EHWZHHQ WKH RXWSXW DQG WKH
SUHGLFWHG SRZHU LV ODUJH FRPSDUHG ZLWK WKH 60(6
VWRUHG HQHUJ\ DQG KHQFH WKH ODUJH HQHUJ\ VKRXOG EH
WUDQVIHUUHG LQWR K\GURJHQ EHFDXVH RI FRPSDFW VWRUHG
YROXPHDQGHFRQRP\
4. Electrical Efficiency of ASPCS
4.1. SMES Capacity
:HDUHDEOHWRHVWLPDWHWKH60(6FDSDFLW\QHHGHG
IRUWKHLQSXWDQGRXWSXWSRZHUZDYHIRUPVVXFKDV)LJ
7KHVWRUHGHQHUJ\LVFDOFXODWHGDVWKHLQWHJUDWLRQRI
360 IURP DFHU WDLQ ]HURFURVV WLPH WR WKH QH[W ]HUR
FURVV WLPH ,Q WKH FDVH WKDW WKH )& RU (/ FDQ EH
FKDQJHG IURP W R   LQ  VHF WKH RSWLPL]HG
VWRUHG 60(6 LV DERXW 0 - >@ +RZHYHU LI WKH
)& VWDUWV IURP]HUR LW WDNHV DERXW  WR VHF DQG
KHQFHWKH60(6VWRUHGFDSDFLW\RI0-LVQHHGHG>@
4.2. SMES Operation algorithm
:KHQWKH60(6VWRUHGHQHUJ\EHFRPHVPD[LPXP
RUPLQLPXP OLPLW WKHQH[W LQSXWRURXWSXWHQHUJ\ LV
DGGHGDQGKHQFHWKHVWRUHGHQHUJ\PLJKWH[FHVVWKHVH
OLPLWV DQG FDXVH WKH H[FHVVLYH YROWDJH RU FXUUHQW ,Q
WKH 60(6 RSHUDWLRQ ZH SURSRVH WKH IROORZLQJ
DOJRULWKP :KHQ WKH 60(6 VWRUHG HQHUJ\ H[FHVVHV
WKH XSSHU OLPLW DW D FHUWDLQ WLPH ZH WUDQVIHU DQ
DGMXVWDEOHHQHUJ\IURPWKH60(6LQWR WKH(/GXULQJ
WKHQH[WWLPHVWHS:KHQWKH60(6HQHUJ\JRHVGRZQ
EHORZ WKH ORZHU OLPLW ZH WUDQVIHU WKH DGMXVWDEOH
HQHUJ\ IURP WKH )& LQWR WKH 60(6 GXULQJ WKH QH[W
WLPH VWHS 7KH WLPH EHKDYLRXU RI WKH  0- 60(6
VWRUHGHQHUJ\ LVVKRZQLQ)LJXQGHU WKHFRQGLWLRQ
WKDWWKHDGMXVWDEOHHQHUJ\LV0-DQGWKHXSSHUDQG
ORZHU OLPLWVDUH0-DQG0- UHVSHFWLYHO\ ,W LV
IRXQGWKDWWKHVWRUHGHQHUJ\DUHUHVWULFWHGLQWKHUDQJH
IURP0-WR0-
4.3. Electrical Efficiency
,QRUGHUWRHVWLPDWHWKHHIILFLHQF\RIWKH$63&6WKHZLQGSRZHUDQGWKHRXWSXWSRZHUVKRXOGEHJLYHQ+RZHYHU
VLQFHWKHVWDWHVRIZLQGDQGSRZHUFRQVXPSWLRQDUHQRWNQRZQZHSURSRVHWKHFDOFXODWLRQPHWKRGRIWKHHOHFWULFDO
HIILFLHQF\ DQG DSSO\ LWWR  D W\SLFDO ZLQG SRZHU DQG D FRQVXPSWLRQ RXWSXW SRZHU VXFK DV D FRQVWDQW SRZHU 7KH
)LJ  :LQG WXUELQH SRZHU ZDYHIRUPV DQG LWV HQODUJHPHQW IURP
 V WR  V DQG 3SUHG 3RXW 360 3(/ DQG 3)& SRZHU
ZDYHIRUPV
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HOHFWULFDOHIILFLHQF\KSMRIWKH60(6LQSXWRURXWSXWLV
DVVXPHG WREH DQG VR D URXQG WULS HIILFLHQF\ LV
  ZKLOH WKRVH RI WKH (/ KEL DQG )& KFC DUH
DVVXPHGWREHDQGUHVSHFWLYHO\ZKLFKGRQRW
LQFOXGH DW KHUPDO HIILFLHQF\ DQG KHQFH D URXQG WULS
HIILFLHQF\LV
7KH ZLQG HQHUJ\ WKH RXWSXW HQHUJ\ WKURXJK WKH
$63&6 WR WKH XWLOLW\ JULG WKH 60(6 HQHUJ\ WKH )&
HQHUJ\ DQG WKH (/ HQHUJ\ GXULQJ K RXUV DUH
FDOFXODWHG DQG WKH UHVXOWV DUH VKRZQ LQ )LJ  DV D
IXQFWLRQ RI WKH GHPDQG SRZHU ,W LV IRXQG WKDW WKH
HOHFWULFDO HIILFLHQF\ LQFUHDVHV ZLWK WKH GHPDQG RXWSXW
SRZHUGXHWRLQFUHPHQWRIGLUHFWSRZHUWRWKHJULG7KH
PD[LPXPHIILFLHQF\ LVPRUH WKDQ LQ WKHFDVHRI
WKHZLQGZDYHIRUPDVVKRZQLQ)LJ
5. Conclusion
:H SURSRVH WKH $63&6 WR FRQWURO WKH IOXFWXDWLQJ
UHQHZDEOHSRZHUZKLFKLVFRQQHFWHGWRWKHXWLOLW\JULG
7KH $63&6 LV FRPSRVHG RI WKH UHQHZDEOH HQHUJ\
UHVRXUFHVWKHK\EULGVWRUDJHV\VWHPDQGWKH/+VWDWLRQWRUHDOL]HWKH$63&6LQHFRQRPLFDOSRLQWRIYLHZ7KHWUHQG
SUHGLFWLRQ RI WKH .DOPDQ ILOWHU DOORZV XV WR VKDUH DGHTXDWHO\ WKH VWRUDJH ZLWK WKH 60(6 DQG WKH (/+)&:H
VLPXODWH WKH$63&6XQGHU WKHRSHUDWLRQDOJRULWKPDQGREWDLQ WKHHOHFWULFHIILFLHQF\RI WKH$63&6ZKLFK LVPRUH
WKDQ
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